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Abstract: Concerns with invasive species have included exotic f rage grasses that have 
undergone extensive breeding through development programs for greater success of 
establishment. These grasses have been widely distributed for soil erosion control and 
livestock forage production throughout the United States and many of these species have 
become invasive in native habitats. To determine whther plant breeding procedures 
increased the invasiveness of these exotic grasses relative to their native counterparts, we 
assessed the competitiveness of an old world bluestem (Bothriochloa ischaemum; OWB) 
a known invader of the Great Plains in the United States, relative to its "wildtype" from 
the Czech Republic, and two native tallgrass prairie g asses (big bluestem [Andropogon 
gerardii] and little bluestem [Schizachyrium scoparium]). To assess inter-and 
intraspecific competition a substitutive design greenhouse competition experiment was 
conducted in Stillwater, Oklahoma with partners from the Czech University of Life 
Sciences. Growth of the invasive B. ischaemum was enhanced when grown with the 
native S. scoparium. However, the Czech Republic wildtype did not exhibit increased 
production when grown in competition with natives compared to conspecifics, suggesting 
the extensive breeding of B. ischaemum may have enhanced its competitive abilities. To 
further assess plant-soil feedbacks we conducted a second greenhouse study which 
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DID THE SELECTIVE BREEDING OF A NON-NATIVE GRASS PROMOTE 
INVASIVENESS? 
INTRODUCTION 
 Concerns over exotic plant invasions stem from their ability to become more 
abundant and dominant in their introduced ranges, out-c mpeting the native plant 
communities present. Interestingly, these dominance patterns are often not exhibited by 
the invader in its native range (Callaway et al. 2012). This general observation has long 
interested ecologists (Darwin 1872; Elton 1958) andmany different explanations have 
been proposed to better understand invasive species success (Mack et al. 2000; Hierro et 
al. 2005). For instance, successful invasions have been associated with the invader's 
capacity to competitively suppress native species in the introduced range (Ni et al. 2010). 
An invader can gain a superior competitive advantage over native species indirectly 
through the release of biotic constraints such as natural enemies, consistent with the 
enemy release hypothesis (Keane & Crawley 2002), or directly through the possession of 
particular traits that can lead to the ability to pr duce greater biomass, compared to 
resident native species (Callaway & Ridenour 2004; Maron & Marler 2008). To 
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understand the mechanisms for successful invasions, it is important to understand if 
invaders demonstrate different competitive abilities in their native home ranges as 
compared to their new invaded range. Most studies on invasive species have been 
conducted in their introduced ranges, focusing on native species responses within invaded 
and non-invaded sites (Leger 2008; Rojas-Sandoval et al. 2012; Gooden et al. 2014; Lee 
et al. 2012; Hill & Fischer 2014). Although importan  for understanding mechanisms of 
invasiveness, there is little information comparing relative dominance of invasive grasses 
in their native ranges compared to introduced ranges, and how the ability to dominate in a 
given area affects plant communities in both biogeographic areas (Callaway et al. 2012). 
Comparisons such as these, are essential for furthering our understanding of invasions as 
they provide additional insight as to how invasive sp cies behave differently in their 
native and introduced regions (Callaway et al. 2012). However, competitive abilities of 
invasive species in both native and introduced areas, as well as impacts on native species 
in the introduced region has recently been reported (H  et al. 2009; Ni et al. 2010; 
Callaway et al. 2012; 2011b). For instance, Russian knapweed, Acroptilon repens (L.), 
demonstrated a stronger competitive ability over neighboring plant species native to 
North America than native plant species from its home range in Uzbekistan (Ni et al. 
2010). Garlic mustard, Alliaria petiolata, an aggressive invader in North American forest 
understories exhibited a stronger inhibitory effect on mycorrhizal mutualists in its 
invaded range in North American soils than in its native European soils (Callaway et al. 
2008).  
 To help explain the reoccurring pattern of invasive species in their introduced 
ranges having apparent increased competitive abilities compared to their native ranges, 
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the "evolution of increased competitive ability" hypothesis was developed (Blossey & 
Nötzold 1995). This hypothesis revolves around existing data that indicate invasive 
species may undergo evolutionary changes in their new regions producing populations 
with greater biomass production and enhanced competitive abilities (Blossey & Nötzold 
1995; Siemann & Rogers 2001; Zou et al. 2008), resulting in a stronger effect compared 
to congeners in their native range. There have beens veral studies providing evidence 
that invasive genotypes exhibited faster growth and greater fitness than their native 
counterparts (Jakobs et al. 2004; Kumschick et al. 2013; Lavergne & Molofsky 2007; 
Leiblein-Wild et al. 2014; Ross & Auge 2008). An increase in competitive ability, due to 
evolutionary or genotypic changes could explain the success of many invasive species. 
Here we compare the competitive ability of an invasi e C4 grass to its native counterpart 
from the Czech Republic to determine whether the invasive cultivar and its native 
counterpart demonstrate similar invasive characteristics.  
 Old World bluestems (OWB) (Bothriochloa bladhii Retz [Caucasian buestem] 
and Bothriochloa ischaemum L. [yellow bluestem]) are a group of non-native, prennial, 
warm-season grasses that have been identified as a substantial threat to the stability of our 
native grasslands in the southern and central Great Plains (Wilson et al. 2012). The 
earliest records of OWB introduction in the United States was in 1917 (Celarier & Harlan 
1995). Throughout the 19th century OWB became extensiv ly planted for soil 
conservation and forage production purposes (Harmoney et al. 2007). Additionally, OWB 
were heavily researched and many different cultivars were developed specifically suited 
for successful establishment in the southern Great Plains region (Dahl et al. 1988). Over 
the last 60 years 750 different OWB cultivars have be n introduced into our native 
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grasslands (Berg et al. 1993). Old World bluestems are now common in roadsides and 
pastures, and are steadily invading native grassland  in the states of Alabama, Arkansas, 
California, Colorado, Florida, Georgia, Hawaii, Kans s, Louisiana, Mississippi, Missouri, 
Nebraska, New Mexico, New York, Ohio, Oklahoma, South Carolina, Tennessee, and 
Texas (USDA; NRCS 2014). Native grasslands, present in the Great Plains, are primarily 
dominated by warm-season grasses and the presence of an invader belonging to the same 
ecosystem-level functional group therefore, such as OWB, may pose the greatest threat to 
these native grasslands (Wilson et al. 2012). Compared with native prairie ecosystems, 
OWB dominated grasslands have been documented to con ain lower bird species 
richness, abundance, and arthropod availability (Hickman et al. 2006); small mammal 
species richness and diversity (Sammon & Wilkins 2005); and native plant species 
diversity (Gabbard & Fowler 2007).  
  Recently, concerns about invasive species have expanded to include exotic 
species that were bred and released for agricultural p poses, such as OWB. Research 
indicates that the success of an invasive species and consequent loss of native species, 
cannot be explained by a single trait exhibited by the invader but rather as a combination 
of different factors (Weiher 2007). Previous studies on assessing OWB populations in 
invaded ranges have identified a multitude of characteristics enabling these species to be 
competitively superior to dominant native grasses of the Great Plains (Harmoney and 
Hickman 2004; Reed et al. 2005; Schmidt et al. 2008). These invasive characteristics 
include: smaller seed size than natives (Coyne & Bradford 1985a), higher fecundity rates 
(Wilson et al. 2012), readily adaptable to varying levels of water and nitrogen 
deficiencies (Coyne and Bradford 1985b; Szente et al. 1996; Reed et al. 2005), maturing 
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earlier in the season compared to native warm-season grasses (Harmoney & Hickman 
2004), and multiple modes of reproduction (Schmidt & Hickman 2006).  
 Differences in aboveground factors between invasive and native species may not 
be the only factor in successful invasibility (Callaway et al. 2012). Another important 
factor to consider is the establishment of plant-soil feedbacks between invasive plants and 
native soil communities (Bever et al. 1997; Bever 2003). There is strong evidence 
suggesting that OWB, in addition to being competitively superior to native grasses in 
aboveground characteristics, alters soil biotic characteristics of native grassland 
ecosystems (Wilson et al. 2012). Biomass production of dominant Great Plains native 
grass species, (Andropogon gerardii and Schizachyrium scoparium) was consistently 
reduced when planted into soil collected from the rooting zone of OWB compared with 
native prairie soil. In addition, when living soil inoculum of native prairie was added to 
steam-pasteurized soil from invaded OWB sites, biomass production of the native grasses 
was significantly improved (Wilson et al. 2012).  
 The establishment of mutualisms between an invader nd native soil organisms in 
the introduced range can play a critical role in facilitating successful invasions (Andonian 
& Hierro 2011; Callaway et al. 2011a; Cui & He 2009; Sun & He 2010), and in some 
cases can enhance the competitive ability of the invader (Aschehoug et al. 2012; Marler 
et al. 1999; Reinhart & Callaway 2004). Arbuscular mycorrhizal fungal associations, for 
example, can play a large role in a plant's ability to function (Herre et al. 1999). 
Introduced exotic plant species have the potential to ter these important plant-fungal 
communities (Vogelsang et al. 2004) and it has been ack owledged that AMF 
associations can influence the invasion process (Vogelsang & Bever 2009). Warm-season 
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native tallgrass prairie species, as well as OWB, are highly dependent upon these 
mycorrhizal interactions (Wilson & Hartnett 1998) and dominance in grasslands by 
warm-season grasses has been linked to their relianc  upon their plant-fungal 
relationships (Wilson et al. 2012). The success of OWB, as an invader, could also be 
explained by the alteration of native mycorrhizal interactions since the absence or 
reduction in native AMF could potentially change thcompetitive outcome of grassland 
species (Hetrick et al. 1990; Wilson & Hartnett 1997; Hartnett & Wilson 1999; Hartnett 
& Wilson 2002). These alterations, or losses of symbiotic fungi may indirectly promote 
success of the invader.  
 Whether the native conspecific of OWB from its home range demonstrates similar 
characteristics as the US invasive OWB present in the Great Plains has not been assessed. 
The purpose of our study was to compare the Great Plains invasive OWB species, B.
ischaemum, to its native counterparts in the Czech Republic to determine if both varieties 
exhibit similar invasive characteristics. Given thedetrimental effects invasive species can 
have on native biodiversity, and ecosystem structure and function, it is important to 
identify factors contributing to invasiveness. This study seeks to determine if the 
extensive and selective breeding of the B. ischaemum cultivar enhanced its competitive 
ability contributing to its success as an invader. Our project was conducted with partners 
from the Academy of Sciences of the Czech Republic. Two separate greenhouse studies 
were conducted in Stillwater, Oklahoma to assess the following objectives:  
 Our first greenhouse study, hereby referred to as "competition study", assessed 
the inter- and intraspecific competitive ability of an invasive B. ischaemum cultivar with 
a corresponding native wildtype from the Czech Republic, as well as with two 
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functionally similar dominant native tallgrass prairie grasses (big bluestem [Andropogon 
gerardii Vitman] and little bluestem [Schizachyrium scoparium Michx.]) present in the 
Great Plains. Our overall objective in this study was to evaluate the competitive ability of 
the invasive B. ischaemum to its wildtype from the Czech Republic relative to these two 
native warm-season grasses. Based upon previous studies, indicating B. ischaemum's 
superior competitive ability over dominant native grasses (Schmidt et al. 2008; Wilson et 
al. 2012), we hypothesized that the invasive B. ischaemum cultivar from the Great Plains 
would be competitively superior to its wildtype from the Czech Republic due to breeder-
selected characteristics. We further hypothesized that if both B. ischaemum varieties do 
share similar characteristics, the Czech Republic wi dtype of B. ischaemum will also be 
competitively superior to the native grass species pr ent in the Great Plains.  
 Previous studies have indicated that relations betwe n resident native soil 
microorganisms and plant species can be influenced by invasive plant species where the 
success of the invader is promoted through establishment of plant-soil feedback 
mechanisms (Ehrenfeld 2004; Weidenhamer and Calloway 2010). To explore this as a 
potential mechanism behind the success of B. ischaemum as a superior competitor, the 
purpose of our second greenhouse study (hereby referred to "home vs. away") was to 
evaluate soil biotic communities using different soil inocula. Our objective was to assess 
soil microbial communities of wildtype B. ischaemum and invasive B. ischaemum 
cultivar following 16 weeks of growth in native prairie soil amended with 'home' vs 
'away' whole soil inocula. We assessed the growth and reproduction of the two native US 
grass species from the Great Plains, the wildtype B. ischaemum, and invasive B. 
ischaemum cultivar, used in the competition study, following i oculation with soil 
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microbial communities associated with each grass species. Based on previous studies 
indicating B. ischaemum's ability to suppress growth of native plant species in the 
invaded range (Wilson et al. 2012), we hypothesized that when planted into soil with 
microbial communities associated with the wildtype variety from the Czech Republic, 
native seedling growth and reproduction would be reduc d. We further hypothesized that 
the wildtype and the invasive B. ischaemum will also both exhibit a greater percent root 






 A greenhouse study was conducted to assess the inter- a d intraspecific 
competitive ability of the wildtype B. ischaemum and invasive B. ischaemum cultivar and 
two native Great Plains grasses (A. gerardii and S. scoparium). Seeds of the two native 
grasses and the invasive B. ischaemum were obtained from commercial sources from the 
Johnston Seed Company in Enid, Oklahoma. Commercial seeds of invasive B. 
ischaemum were used since we were examining if competitive abilities of B. ischaemum 
cultivars has been enhanced through plant breeding. The wildtype variety was hand-
collected from three separate native grassland sites located in the Czech Republic 
(Drahobuz, Vedlice, and Prokopske Udoli) where B.ischaemum is a common sub-
dominant grass native to these grassland ecosystems.  
 Seeds of A. gerardii, S. scoparium, invasive B. ischaemum, and the wildtype B. 
ischaemum were germinated in vermiculite. Fourteen days past emergence, when the 
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seedlings were in the second-leaf stage, they were transplanted into 4 L pots (21.5 cm 
diameter x 21.5 cm depth) containing 5.25kg (dry weight) of native prairie soil. Native 
prairie soil was collected from a site near the headqu rters of the Konza Prairie 
Biological Station, Manhattan, Kansas that was dominated by native warm-season 
grasses such as, A. gerardii, Sorghastrum nutans, and S. scoparium. Before soil was 
placed into pots it was sieved through a 2-mm sieve to r move large plant roots, 
rhizomes, and small rocks. A subsample of native prairie soil, before experimental set up, 
was collected for chemical analyses to assess initial soil nutrient availability.  
 A substitutive design (Harper 1977) was used to assess the effects of intra- and 
interspecific competition on the growth of the two native species, the wildtype B.
ischaemum, and invasive B. ischaemum. All possible pairwise combinations represent our 
treatments. For a control and to examine intraspecific competition, six seedlings of A. 
gerardii, S. scoparium, wildtype B.ischaemum, or invasive B. ischaemum were grown in 
monoculture and planted evenly spaced into each pot. To evaluate interspecific 
competition all pair-wise combinations were used. Each pot was planted with a pair of 
three seedlings of either A. gerardii, S. scoparium, wildtype B.ischaemum, or invasive B. 
ischaemum for a total of six seedlings per pot. In total, to assess both intra- and 
interspecific competition, ten different plant combinations (representing treatments) were 
used and replicated six times for a total of sixty pots.The pots were arranged in a 
randomized block design, watered daily, and kept in a greenhouse maintained at 20-25oC. 
 After fourteen weeks of growth, aboveground (vegetative and reproductive 
components) and belowground biomass were harvested. In ach pot, plants were 
separated by species, the aboveground biomass was clipped at the soil surface and roots 
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washed free of soil. Plants, separated by above-and belowground biomass, were then 
dried for three days at 60oC and dry weights were measured to the nearest milligram. The 
competitive ability of both native species and both the wildtype B. ischaemum and 
invasive B. ischaemum cultivar was assessed by determining relative the total dry weight 
(shoot, root, and reproductive) of each of the two native grasses, the wildtype B.
ischaemum, and the invasive B. ischaemum cultivar. Soil nutrients were assessed after 
experimental takedown. Soil tests were conducted by the Oklahoma State University 
Soil/Water/Forage Analytical Laboratory. Plant-available P (using a Mehlich 3 
extraction), extractable NO3-N, and pH were measured (Table 1). To determine percent 
AMF root colonization a sample of dried roots were stained with trypan blue. Arbuscular 
mycorrhizal fungi colonization in roots of the two native grasses, wildtype B. ischaemum, 
and invasive B. ischaemum cultivar, grown in monoculture and competition, was scored 
using the magnified gridline intersect method (McGonigle et al. 1990). A digital 
microscope (Hirox KH 7700) was used to measure the percentage of root length 
colonized by a combination of hyphae, vesicles, and arbuscules. 
 
Home vs. Away Study 
 Our home vs. away greenhouse study assessed soil communities, and possible 
legacy effects, indirectly by quantifying growth and establishment of two native warm-
season grasses, the invasive B. ischaemum cultivar, and the wildtype B. ischaemum 
following inoculation with whole soil microbial comunities associated with either the 
two native grasses, or the wildtype and invasive B. ischaemum. A subsample of soil was 
collected before (Table 1) experimental setup and following takedown using marker 
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phospholipids and neutral lipids to quantify microbial biomass and relative abundance 
selected microbial functional groups: gram positive and negative bacteria, arbuscular 
mycorrhizal fungi, and saprophytic fungi. As a contr l, plant biomass production and soil 
communities of the two native grass species, the wildtype B. ischaemum, and invasive B. 
ischaemum were assessed following inoculation with their own native soil communities. 
 Consistent with the competition study, seeds used for this study were the same 
two native grasses, wildtype B. ischaemum, and invasive B. ischaemum from the same 
sources as described above (competition study). Soil was collected from native prairie at 
Konza Prairie Biological Station. In this study, soil was steam-pasteurized for 4 hours at 
80oC to remove soil microorganisms, allowed to cool, and equilibrate for 14 days. Seeds 
were germinated in vermiculite. Fourteen days after emergence, at second leaf stage, 
seedlings were transplanted into plastic pots (6cm dia eter x 25 cm deep) containing 
600g (dry weight) of steam-pasteurized native prairie soil with one seedling per pot. To 
evaluate potential plant-soil feedbacks 5 different soil inoculums containing whole soil 
microorganisms associated with the two native grasses, wildtype B. ischaemum, and 
invasive B. ischaemum cultivar were added directly below seedlings roots during 
transplantation.  
 Inocula consisted of fresh whole soil associated with native warm-season grasses 
(collected from KPBS), invasive B. ischaemum (collected from Stillwater Research 
Range), and the wildtype B. ischaemum (collected from the Czech Republic). Soil 
associated with the invasive B. ischaemum was collected at three different sites in the 
Stillwater Research Range and homogenized into one treatment. Soil from the Czech 
Republic was also collected at three different sites (Drahobuz, Vedlice, and Prokopske 
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Udoli) but represented three different treatments of native Czech soil microorganisms. 
During transplantation of seedlings 20g (dry weight) of one of the 5 different soil 
inoculums (representing different treatments) were added directly below seedling roots. 
Thus the two native grasses, wildtype B. ischaemum, and invasive B. ischaemum were 
each grown separately in soil containing whole microorganisms associated with either 
native grasses, wildtype B. ischaemum, or invasive B. ischaemum. Each treatment was 
replicated 6 times giving a total of 120 pots. The pots were arranged in a randomized 
complete block design, watered daily, and kept in a greenhouse maintained at 20-25oC. 
 After fourteen weeks, aboveground (including reproductive components) and 
belowground biomass were harvested. Aboveground biomass was clipped at the soil 
surface and roots separated by species and washed free of soil. Plants, separated by above 
and belowground biomass, were then dried for 3 daysat 60oC and both total biomass dry 
weights were measured to the nearest milligram. Soil nutrients were assessed before 
experimental setup on soil inocula used. Percent AMF root colonization was also 
determined. Methods used to quantify soil nutrients and percent AMF root colonization 
are consistent with the above competition study. 
 Selected phospholipid fatty acid (PLFA) and neutral lipid fatty acid (NLFAω) 
biomarkers were used to determine abundances of gram positive and negative bacteria, 
AMF, saprophytic fungi, and total microbial biomass. Soil samples containing 5g were 
taken from whole soil inoculum before experimental set up (Table 1) to determine 
relative abundance of selected functional groups and total microbial biomass. Soil was 
collected after takedown from each experimental pot to assess soil microbial 
communities. PLFA/NLFA's were extracted from the soil using a modification of the 
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Bligh and Dyer (1959) extraction (White & Ringelberg 1998). Total lipid extracts were 
separated into PLFA's and NLFA's using silicic acid chromatography; the fatty acids 
cleaved from the glycerol backbone using KOH saponificat on; and the harvested fatty 
acids methylated to form fatty acid methyl esters (FAME) (White & Ringelberg 1998; 
Allison & Miller 2005). The FAME's were then analyzed by gas chromatography and 
mass selection detection using a GCMS unit Agilent MS 5975C/GC 7890A. Biomarkers 
used to select for the functional group of gram positive bacteria included i-15:0, a-15:0, i-
17:0, and i-16:0. For gram negative bacteria biomarkers used were 16:1ω7, cy19:0, and 
2-OH 16:0. For the functional group of AMF biomarkers selected for consisted of 
16:1ω5c, 20:1ω9, and 22:1ω13. Biomarkers selected for the functional group of 
saprophytic fungi included 18:2ω9,12 and 18:1ω9c. 
 
Statistical Analysis 
 Data from both greenhouse studies were analyzed using the program SigmaPlot 
12.5 (SigmaStat). Total dry weight biomass per plant, including reproductive, above-and 
belowground components, from each greenhouse study was analyzed using a two-way 
Analaysis of Variance (ANOVA) along with the Hom-Sidak test for all pairwise multiple 
comparisons. For the competition study, responses asessed consisted of grass species (A. 
gerardii, S. scoparium, wildtype B. ischaemum, and invasive B. ischaemum), treatment 
(grass species combinations), and the interactions among species x treatment with 
responses being total plant biomass (avg. g per individual plant). The linear model was, 
Y ijk = µ + SPPi + TRTj + (SxT)ij + ϵijk      [1] 
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where Y was plant biomass, µ was the overall mean, SPP was an overall effect for 
species i, TRT was an overall effect of the alternate j- h species pairing, SxT was the 
specific species pairing effects including conspecific parings, and ϵ was residual error 
for replication k. Biomass means and standard errors for species in conspecific or inter-
specific parings were computed from raw data, which was appropriate for this balanced 
complete block design. Significance of pairwise comparisons were assessed through the 
Hom-Sidak tests. In the competition study because interactions involving plant species 
reproductive biomass x treatment were not significant, the data were reanalyzed as a one-
way analysis of variance to compare reproductive biomass in general.  
 For the home vs. away study, treatments included grass species (A. gerardii, S. 
scoparium, wildtype B. ischaemum, and invasive B. ischaemum), soil inoculum 
treatment, and the interactions between species x soil inoculum was analyzed as a two-
way ANOVA. Separate response variables included total plant biomass, and percent 
AMF colonization in roots. The linear model was, 
Y ijk = µ + SPPi + SOILj + (SPPxSOIL)ij + ϵijk     [1] 
where Y was the response, µ was the overall mean, SPP was an overall effect for species 
i, SOIL was an overall effect of the j-th soil inoculum, SPPxSOIL was the species by soil 
inoculum interaction effect, and ϵ was residual error for replication k. Biomass and AMF 
means and standard errors were computed from raw data for each species and inoculum 
pairing. Significance of pairwise comparisons were assessed through the Hom-Sidak 
tests. For the competition study however, because interactions involving plant species 
AMF root colonization percent x treatment were not significant, the data were reanalyzed 
as a one-way ANOVA to compare average species AMF root colonization overall. 
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 For soil nutrients a one-way ANOVA was used for both greenhouse studies to 
examine any differences in soil characteristics among treatments. Mean soil characteristic 
values are presented for each soil type (Table 1). For the home vs. away study when 
analyzing the PLFA/NLFA data, a two way ANOVA was al o utilized along with the 
Hom-Sidak test for all pairwise multiple comparison. PLFA data were analyzed 
separately from the NLFA data. Factors in the analysis were grass species, soil treatment, 
and the interaction among species x soil treatment with the data consisting of either gram 
positive bacteria, gram negative bacteria, AMF, andsaprophytic fungi. For the NLFA 
data only AMF and saprophytic fungi were included in the analysis. Because interactions 
involving the 3 Czech soil sources were not significant, data for these soils were pooled 







 In this study, we assessed the inter- and intraspecific competitive ability of two 
native grasses (A. gerardii and S. scoparium) with two B. ischaemum varieties; the 
wildtype from the Czech Republic and the invasive cultivar present in the Great Plains of 
the US. The invasive cultivar B. ischaemum exhibited a significant increase in total 
biomass production when grown with the native S. scoparium, relative to A. gerardii, or 
when grown with conspecifics (Figure 1). Additionally, the invasive B. ischaemum did 
not exhibit an increase in total biomass produced when paired with its Czech wildtype 
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(Figure 1). The wildtype B. ischaemum when paired with native grasses exhibited no 
increase in total biomass production compared to when grown with conspecifics (Figure 
2). Each plant species produced reproductive structu es in all treatments. However, 
among the two native grasses, wildtype B. ischaemum, and invasive B. ischaemum the 
invasive B. ischaemum cultivar had greater reproductive biomass overall compared to the 
wildtype B. ischaemum and native grasses (Figure 3).  
 Percent AMF root colonization among the two B. ischaemum varieties were not 
significantly different regardless of whether they were grown in competition with 
conspecifics or the native grasses of S. scoparium and A. gerardii (24.56 ± 2.05). 
Additionally, there were no statistical differences in percent AMF root colonization 
between the two native grasses when grown with either the wildtype or invasive cultivar 
of B. ischaemum. Across treatments percent AMF root colonization was on average 
26.38% ± 1.36 in the invasive B. ischaemum cultivar, 22.75% ± 3.95 in the wildtype B. 
ischaemum, 36.56% ± 1.61 in S. scoparium, and 42.06% ± 4.27 in A. gerardii. However, 
when assessing the average percent root colonization of each species overall, regardless 
of treatment, the native A. gerardii had significantly higher colonization compared to the
wildtype and invasive B. ischaemum (Figure 4). Native S. scoparium, regardless of 
treatment interaction, had significantly greater root colonization compared to the 
wildtype B. ischaemum cultivar (Figure 4). 
 
Home Vs. Away 
 In this study we evaluated responses of the native, or wildtype, B. ischaemum 
from the Czech Republic and the invasive cultivar of B. ischaemum, developed in the 
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United States, to different soil microbial communities. We assessed the growth and 
reproduction of native US grass species from the Great Plains and both the B. ischaemum 
varieties following inoculation with soil microbial communities associated with two 
native species (A. gerardii and S. scoparium), the invasive B. ischaemum, and the 
wildtype B. ischaemum. When the wildtype B. ischaemum was inoculated with soil 
inoculum associated with the invasive cultivar of B. ischaemum, it produced significantly 
more total biomass as compared to when it was grown in soil inoculated with native 
prairie (Figure 5). However, when the wildtype B. ischaemum was grown in soil 
associated with soil inoculum consisting of native soil communities from the Czech 
Republic, total biomass production was not significantly different compared to when the 
wildtype B. ischaemum was grown in soil associated with native US species and the 
invasive B. ischaemum (Figure 5). In contrast, the invasive cultivar of B. ischaemum 
exhibited no significant differences in total biomass production regardless of what soil 
microbial community with which it was inoculated (Figure 6). When comparing the 
responses of the native grasses, to different soil microbial communities, S. scoparium did 
not have significant differences in total biomass regardless of what soil microbial 
communities with which it was inoculated (Figure 7). However, A. gerardii exhibited an 
increase in overall total biomass when grown in soil in culum associated with both the 
wildtype and invasive B. ischaemum as compared to when it was grown with microbes 
associated with its own native prairie (Figure 8). 
 Additionally, we wanted to evaluate percent AMF root colonization to determine 
any responses of microbial communities. There were no significant differences in the 
percentage of AMF root colonization among the different grass species used and the soil 
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inoculum treatments. Across treatments the average percentage of AMF root colonization 
was 29.67% ± 3.36 in the invasive B. ischaemum cultivar, 35.32% ± 2.91 in the wildtype 
B. ischaemum, 29.72% ± 2.89 in S. scoparium, and 32.08% ± 3.14 in A. gerardii. 
 Further analyses of soil microbial communities included PLFA/NLFA extractions 
to quantify relative abundances of gram negative and positive bacteria, AMF, and 
saprophytic fungi across treatments. For PLFAs there were no statistical differences in 
relative abundance of microbial communities assessed throughout the different treatments 
(Table 2). For NLFAs the two main microbial communities quantified were abundances 
of AMF and saprophytic fungi. Throughout the different treatments, within each grass 
species, there were no statistical differences in the abundance of saprophytic fungi. 
However, when assessing the abundance of AMF the Czech wildtype B. ischaemum 
exhibited a significantly higher abundance of AMF when planted into soil associated with 
the invasive B. ischaemum cultivar as compared to when it was grown in soil inoculated 
with native prairie or wildtype B. ischaemum (Figure 9). In contrast, the invasive B. 
ischaemum cultivar experienced no significant differences in abundance of AMF 
regardless of soil inoculum (Figure 10). When examining the responses of the two native 
grasses S. scoparium exhibited a significant increase in abundance of AMF when it was 
grown in soil associated with the wildtype B. ischaemum relative to when it was grown in 
soil associated with its own native prairie or the invasive B. ischaemum (Figure 11). In 
comparison  A. gerardii experienced no differences in abundance of AMF regardless of 







 A trademark of successful invaders is their ability to establish high population 
numbers through out-competing resident native communities in their invaded ranges. 
However this pattern of competitive superiority, exhibited by the invader over native 
species in the invaded range, may not be displayed b  the invaders in their native home 
range (Ni et al. 2010). We hypothesized the B. ischaemum invader present in the Great 
Plains would exhibit enhanced competitive abilities when compared with the wildtype B.
ischaemum from its home range in the Czech Republic. Further, w  hypothesized 
enhanced competitive abilities were a reflection of selective and extensive breeding of the 
invasive B. ischaemum cultivar. 
 Invasions by B. ischaemum  have been shown to substantially reduce production 
of dominant native grass species (S. scoparium and A. gerardii) and exhibit enhanced 
biomass when grown in competition with natives (Schmidt et al. 2008; Wilson et al. 
2012). In our study, consistent with previous research, when the invasive B. ischaemum 
cultivar was grown in competition with the native S. scoparium growth of the invader 
was substantially increased compared to conspecifics, most likely due to reduced 
intraspecific competition (Schmidt et al. 2008). When grown with A. gerardii however, 
total biomass production of the invasive B. ischaemum was not enhanced suggesting that 
B. ischaemum is a superior competitor when grown in close proximity to the native grass 
species S. scoparium but not A. gerardii. When assessing the competitive abilities of the 
wildtype B. ischaemum with native grass species, contrary to our hypothesis, there was  
no increase in biomass produced by the wildtype, and native grass species production was 
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not reduced. Additionally, when comparing the two B. ischaemum varieties together, 
although the invasive B. ischaemum cultivar did not experience an increase in above-or 
belowground biomass when paired with its wildtype, it did produce significantly more 
reproductive biomass than its wildtype.  
 The ability to produce more seeds is a characteristic attributed to invasive species 
success, as competitive abilities of the invader can be enhanced promoting displacement 
of native communities (Blossey & Notzold 1995). However, this trait may not be 
exhibited by the invaders in their native environmet due to certain constraints which 
may not be present in the invaders introduced region (Elton 1958; Keane & Crawley 
2002). In our study, the wildtype B. ischaemum not only produced significantly less 
reproductive biomass than the invasive cultivar but also produced significantly less 
reproductive structures than the two native grasses. Compared to its wildtype, the 
invasive B. ischaemum produced significantly more reproductive biomass than the 
wildtype and the two native grasses suggesting this is a trait developed through selective 
breeding of the invasive B. ischaemum. 
 In accordance with the "evolution of increased competitive ability" hypothesis 
evolutionary changes in invasive species have been attributed to the success of several 
exotic plant invasions (Blossey & Notzold 1995; Siemann & Rogers 2001; Ridenour et 
al. 2008; Zou et al. 2008), however the degree to which evolutionary changes drive 
invasion success is unclear (Garcia et al. 2013). We sought to determine if the extensive 
and selective breeding of the invasive B. ischaemum cultivar inadvertently produced 
evolutionary changes enhancing its competitive ability and contributing to its success as 
an invader in the southern and central Great Plains region. Successful invasion of 
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Bothriochloa spp. in general, has been attributed to its rapid growth and ability to reach 
sexual maturity before native grass species (Harmoney & Hickman 2004; Wilson et al. 
2012) which was not observed in the wildtype B. ischaemum in our study. Our results 
suggest that the superior competitiveness of the invasive B. ischaemum cultivar over the 
native S. scoparium is a trait that is not present in its wildtype suggesting that the 
selective and extensive breeding of B. ischaemum may have inadvertently developed 
certain characteristics (e.g. increased growth and reproductive capabilities) enhancing its 
competitive abilities and leading to its success as an invader. 
  In addition to invaders exhibiting strong competitive abilities, there is increasing 
evidence suggesting that alterations in soil microbial communities help facilitate 
successful invasions of exotic plants (Callaway et al. 2008; Sanon et al. 2009; Andonian 
et al. 2011b). Garlic mustard, Alliaria petiolata, an aggressive invader of North American 
forest understories for example, exhibited strong suppression of native mycorrhizas in 
invaded North American soils inhibiting growth of native North American plant species 
and enhancing its own growth. However, presence of A. petiolata in its native soil from 
Europe produced no inhibitory effects on fungal mutualists and European native plants 
were unaffected (Callaway et al. 2008). There is strong evidence suggesting that 
Bothriochloa spp. alters soil biotic characteristics, specifically fungal mutualists, in 
native grassland ecosystems (Wilson et al. 2012) and there is the question of whether this 
characteristic would also be exhibited in the wildtype. When evaluating the percent of 
AMF root colonization among the wildtype B. ischaemum there were no significant 
differences regardless of whether the wildtype B. ischaemum was grown in competition 
with conspecifics or native grasses. Additionally, percent AMF root colonization of 
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native grasses was not reduced when grown in close proximity to either B. ischaemum 
variety. In a previous study percent AMF root colonization of native grasses was 
significantly reduced when grown with the congener of B. bladhii. (Wilson et al. 2012). 
This pattern was not observed in our study although, the use of B. ischaemum rather than 
B. bladhii in our study could account for the differences in percent AMF root 
colonization in the Bothriochloa spp. compared to native prairie species.  
 Since B. bladhii and B. ischaemum are both invasive in the United States and only 
B. ischaemum was used in our study, future studies should encompass additional 
populations of Bothriochloa spp. from their native environments to further our
understanding of characteristics enabling their superior competiveness and potential to 
alter soil biotic communities. Additionally, impacts of the invasive cultivar and the 
wildtype B. ischaemum on native plant species in the Czech Republic were not assessed. 
Further comparisons of the invasive Bothriochloa spp. competitive impacts on native 
species in its native range would provide additional valuable information on behaviors 
exhibited by the invader in its invaded and native region. 
 
Home vs. Away 
 Since success of multiple invasive plant species has been attributed to their ability 
to influence plant-soil feedback relationships enhancing their own successful 
establishment over native plant species in their invaded region (Ehrenfeld 2004; 
Weidenhamer & Calloway 2010), an important question o consider is whether these 
invasive plant species encounter new soil microbial communities in their new 
environments compared to their native home ranges (Rout & Callaway 2012). Assessing 
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responses of soil biotic communities in the native and non-native ranges of invasive 
plants can give us a better understanding of how soil communities in relation to invasive 
plants can influence invasion success (Reinhart & Callaway 2004).  
 In this study our objective was to determine potential responses of the two B. 
ischaemum varieties and two native grass species to different soil microbial communities 
as previous research indicates growth of dominant ntive grass species is consistently  
reduced when grown in soil associated with Bothriochloa spp. (Wilson et al. 2012). 
Overall, the invasive B. ischaemum cultivar and wildtype B. ischaemum exhibited no 
significant differences from one another in total biomass production or percent AMF root 
colonization, when grown in soil associated with eit r B. ischaemum variety. However, 
the wildtype B. ischaemum experienced a significant increase in total biomass production 
when it was inoculated with soil associated with the invasive B. ischaemum cultivar as 
compared to when it was grown in soil associated with native prairie from the Great 
Plains. Additionally, data from the NFLA fraction idicated a significantly higher 
abundance of AMF when the wildtype B. ischaemum was grown in soil associated with 
the invasive B. ischaemum cultivar compared to when it was inoculated with soil
associated with native prairie. Neutral lipid fatty acids associated with AMF are primarily 
found in storage structures such as spores (Cooper & Lösel 1978) and there is a direct 
correlation between the abundance of neutral lipids and spore formation by mycelium 
(Olsson et al. 1997). The high abundance of AMF exhibited by the wildtype B. 
ischaemum when grown in soil associated with the invasive cultivar indicates more 
energy was allocated towards spore formation by AMF compared to when the wildtype 
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was grown in native prairie soil suggesting the wildtype favored mycorrhizal 
communities associated with the invasive B. ischaemum cultivar.   
 Invasive plants in their newly invaded environments may not only lack their 
original soil mutualists but also may become exposed to new novel soil organisms with 
which they are not adapted (Klironomos 2002; Callaway et al. 2004; Pringle et al. 2009). 
As a result, invasive plant species in their new enviro ments could establish interactions 
with novel mutualists that are more beneficial than mutualists in their native home range 
(Reinhart & Callaway 2006). For instance, enhancement of invasive plant success 
through presence of native soil biota in the invaded range has been observed in 
facilitating invasion of Asian knotweeds (Fallopia japonica, F. sachalienensis, and 
Fallopia x bohemica) in North America and Europe. When compared to resident native 
plant species in the invaded range native soil biota was found to be more beneficial to 
Asian knotweeds than the resident native plant species, thereby shifting the competitive 
balance in favor of the invader (Parepa et al. 2013). In our study total biomass production 
and abundance of AMF were significantly enhanced when t e wildtype B. ischaemum 
was grown in soil associated with the invasive cultivar, compared to native prairie soil 
from the Great Plains, indicating that the wildtype favored soil biotic communities 
associated with the invasive B. ischaemum and not the US native prairie, suggesting that 
the invasive cultivar may have altered soil biotic communities promoting growth of 
conspecifics.  
 Contrary to our hypothesis, native seedling growth and reproductive effort were 
not significantly reduced when planted into soil inoculated with microbial communities 
associated with the wildtype variety. Interestingly, the responses of the two native grasses 
25 
 
to soil microbial communities associated with the wildtype were vastly different from one 
another. When compared to growth in native prairie soil the native S. scoparium 
exhibited no differences in total biomass produced when inoculated with soil 
communities associated with the wildtype, while A. gerardii experienced a significant 
increase in total biomass suggesting A. gerardii favors soil associated with the wildtype. 
When examining the abundance of AMF in the NLFA fraction, S. scoparium had 
substantially higher abundance of AMF when grown in soil associated with the wildtype 
compared to its own native prairie soil or the invasi e B. ischaemum cultivar, while  A. 
gerardii experienced no differences in abundance of AMF. Our results suggest that the S.
scoparium also favors soil associated with the wildtype, as the high abundance of AMF 
indicates more energy is available to be stored in the NLFA fraction primarily used for 
spore development (Olsson et al. 1997). 
  Growth of dominant native grass species has been documented to consistently be 
reduced when grown in soil associated with the invasive Bothriochloa spp. (Wilson et al. 
2012). In our study this pattern was not observed with the wildtype B. ischaemum. In 
contrast A. gerardii experienced an increase in total biomass production. Although, the 
wildtype did not reduce growth of the two native grasses, the response of increased 
growth by A. gerardii and abundance of AMF in S. scoparium indicates that the wildtype 
B. ischaemum had an influence on soil microbial communities. Our st dy indicates that 
both B. ischaemum varieties alter soil biota characteristics differently as the wildtype B. 
ischaemum exhibited enhanced growth in soil associated with the invasive B. ischaemum 
and the two native grasses favored soil associated with the wildtype. The different 
responses between the B. ischaemum varieties indicate that the invasive B. ischaemum 
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cultivar may have undergone evolutionary changes through selective breeding from its 
wildtype from the Czech Republic.  
 Interactions between plants and soil microbial communities are often times 
species-specific and changes in soil biota can alter competitive interactions between plant 
species (Parepa et al. 2013). Our study suggests that native grass species respond 
differently to soil communities previously occupied by B. ischaemum. On average A. 
gerardii had greater total biomass production and abundance of AMF when grown in soil 
associated with both the B. ischaemum varieties compared to S. scoparium indicating that 
it may be a superior competitor over S. scoparium in B. ischaemum invaded landscapes. 
Successful establishment of native species is essential when restoring areas previously 
eradicated of invasive species such as B. ischaemum. However, native species may have 
difficulties establishing in areas previously dominated by B. ischaemum especially if B. 
ischaemum alters native soil microbial communities (Wilson et al. 2012). Other grassland 
restorations have been met with difficulties in establishing native plant species following 
the alteration of native resident soil characteristics by invasive plant species (Jordan et al. 
2011). However, when assessing the responses of multiple invasive and native plant 
species to soil microbial communities associated with the invaders Jordan et al. (2011) 
found that some native species were unaffected by such oil legacies left behind by 
invaders. These native plants therefore, may provide aluable services, restoring soil 
conditions needed for successful establishment of additional desirable native species in 
targeted restoration areas (Jordan et al. 2011). From a restoration standpoint selection and 
replanting of native species, such as A. gerardii, that have a greater tolerance to 
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alterations in soil microbial communities may lead to more successful restorations in B. 




The invasive B. ischaemum cultivar and the wildtype of B. ischaemum from the Czech 
Republic did exhibit differences in competitive abilities when compared to native grass 
species from the Great Plains, where the invasive cultivar is present. Contrary to our 
hypothesis, there were no overall increases in biomass production of the wildtype, nor 
reduction of native grass species biomass when the wildtype and native grass species 
were grown in competition with each other. However th  invasive B. ischaemum 
exhibited a competitive advantage over the native grass S. scoparium. Our results suggest 
that the superior competitiveness of the invasive B. ischaemum cultivar over native grass 
species is a trait that is not present in its wildtype indicating that the selective and 
extensive breeding of B. ischaemum may have inadvertently developed certain 
characteristics enhancing its competitive abilities and leading to its success as an invader.  
 Additionally our results indicated both B. ischaemum varieties exhibited 
differential responses to dissimilar soil microbial communities relative to native grass 
species. Interestingly the wildtype was found to favor soil biotic communities associated 
with the invasive B. ischaemum. Total biomass production and abundance of AMF was 
significantly enhanced when the wildtype B. ischaemum was grown in soil associated 
with the invasive cultivar compared to native prairie soil from the Great Plains, 
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supporting preexisting evidence that the invasive cultivar somehow alters soil biotic 
communities promoting growth of conspecifics.  
 Furthermore, contrary to our hypothesis, growth and reproductive effort of natives 
were not significantly reduced when planted into soil associated with the wildtype variety 
and exhibited vastly different responses. Most notable is when compared to growth in 
native prairie soil the native S. scoparium exhibited no differences in total biomass 
produced when inoculated with soil communities associated with the wildtype while A. 
gerardii experienced a significant increase in total biomass. Future restoration efforts 
following eradication of B. ischaemum therefore, may have greater success in native 
species establishment by selecting native species, such as A. gerardii, that have a greater 
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               Soil nutrient characteristics                            PLFA abundance values (nmol/g)    
Soil         pH     NO3-N (lbs/A)      P (ppm)              AMF     Sap. fungi    Gram -       Gram +  
Native Prairie      7.8             9.5                 13.5                    2.95         7.30            1.20             3.93 
___________________________________________________________________________________________ 
Steam Pasteurized 7.9             20.5             15                      ND                ND              0.07             0.03             
Native Prairie 
___________________________________________________________________________________________ 
Invasive               6.1            11            13.5                    1.23               2.83                0.56              3.01 
B. ischaemum 
___________________________________________________________________________________________ 
Vedlice 7.9             2                   5.83                      1.24               3.60          2.06            10.82 
Czech 1 
___________________________________________________________________________________________ 
Drahobuz         7.8             2                 4                        1.70               4.51                3.77            13.74 
Czech2 
___________________________________________________________________________________________ 












  Species   Soil inoculum     PLFA abundance value (nmol/g)   
          AMF       Sap. Fungi         Gram -           Gram + 
         
 Invasive B. ischaemum Invasive B. ishcaemum  1.23           2.83           0.56               3.01 
     Wildtype B. ischaemum  1.83           3.90           0.48                 2.04 
                                                 Native Prairie     1.94           1.29                 0.46                 1.40  
  
 Wildtype B. ischaemum  Invasive B. ischaemum           0.92           3.17                 0.65                 4.07 
     Wildtype B. ischaemum          1.90               2.05                 0.39           2.03 
                                                  Native Prairie                          3.19              1.67                 0.70                 2.34 
 
 S. scoparium   Invasive B. ischaemum            3.17              6.63                 0.89                 4.98 
     Wildtype B. ischaemum           2.01              6.82                 0.79                 4.84 
                                                       Native Prairie                          2.4               8.01                 0.89           4.98 
 
 A. gerardii                               Invasive B. ischaemum          2.44               2.42                 0.45                 1.99 
     Wildtype B. ischaemum          1.29               3.00                 0.55                 3.13 
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